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Measurement Technique

Å Six hadronicdecay modes are chosen as tags:

$ ᴼ+ʌʌȟ$ ᴼ+ʌʌʌȟ$ ᴼ+ ʌ

$ ᴼ+ ʌʌȟ$ ᴼ+ ʌʌʌȟ$ ᴼ+ +ʌ

Å Tags are selected based on two variables, and tag yield is obtained by fitting ά .

ɝὉ Ὁ Ὁ ,  ά Ὁ ȿ ȿᴆὴ

Å About 2.92 ÆÂ of data is collected at 

(3770), which ensures a pure ὈὈfinal 

state with no additional final state hadrons. 

In events where one D is fully reconstructed, 

semileptonicsignals are searched at the 

recoiling side.

Å Branching fractions can be obtained using:
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ὔ is the number of semileptoniccandidates, ὔ ȟ
the number of observed tagged mode , while צ

and צ ȟ the reconstruction efficiencies of tagged mode and both the tagged and semileptonicmode.



ά Distribution

Tag yield is obtained by fitting ά . In the case of Ὀ ᴼὑ “ Ὡ‡ study, the fits are 

illustrated as below.
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Signal: MC shape convoluting a double Gaussion;  Background : Argus Function



Å Branching fractions

Å The fractions and properties of different ὑ“(non-)resonant amplitudes

ï S: non-resonant, ὑᶻρτσπ

ï P: ὑᶻψωςȟὑᶻρτρπ

ï D: ὑᶻρτσπ

Å ή dependent transition form factors in Ὀ ᴼὑᶻ ψωςὩ‡ (ή is the invariant mass of  Ὡ‡)

ï The Ὀ ᴼὑᶻ ψωςὩ‡ decay can be described in terms of 3 helicity basis form factors:   

( ȟÑ (Any dependence on the lepton mass is neglected), which are measured in a 

model-independent way

ï Ὄȟή are generally written as linear combinations of a vector (ὠή ) and two axial-

vector (ὃȟή ) form factors, which are measured based on SPD (Spectroscopic Pole 

Dominance) model in the amplitude analysis
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Study of Ὀ ᴼὑ “ Ὡ‡

These measurements are important to compare with theoretical 

calculations and previous experiments

In the Ὀ ᴼὑ “ Ὡ‡ decay, we can measure:
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Å A nearly background-free (~0.7%) sample of 

more than 18000 candidates is selected. The  

ά distribution is shown on the right.

Å Branching fractions over the whole ά range and 

in the ὑᶻ ψωςdominated window [0.8, 1] GeV/ὧ
are calculated:

Å Amplitude analysis is performed based on this sample (see next page). 

The differential decay widthof the $ ᴼ+ʌÅʉ decay can be fully described using:        
[citation:  N. Cabibboand A. Maksymowicz, Phys. Rev. 137, B438 (1965)]

Å Í - inv. mass squared of ὑ“

Å ή - inv. mass of Ὡ’

Å —ȟ—ȟ…angles

Branching Fraction

ὄὶ$ ᴼ+ʌÅʉ σȢχρ πȢπσ πȢπωϷ

ὄὶ$ ᴼ+ʌÅʉ Ȣȟ σȢσσ πȢπσ πȢπψϷ
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PDF Parameterization
(citation:  BABAR Collaboration, Phys. Rev. D 83, 072001 (2011))

É UnbinnedMaximum likelihood fit (background 

considered)

É Non-resonant S-wave amplitude: 

Magnitude: polynomial variation with ά

Phase : same as in LASS scattering 

experiment [Nucl. Phys. B296, 493 (1988)]

É Other amplitudes: Breit-Wigner function with 

mass-dependent width

É Form factors are parameterized based on SPD 

model:

ὠή
Ⱦ

,   ὃȟ ή
ȟ

Ⱦ

Fit Results with S+P (preliminary)

É The fractions of the components can be extracted

Ὢ$ ᴼ +ʌ ᶻ Åʉ ωσȢωσπȢςςπȢρψϷ

Ὢ$ ᴼ +ʌ Åʉ φȢπυπȢςςπȢρψϷ

other components have significances less than 5„and           
correspond to fractions below 1%

É The S-wave phase measured from amplitude analysis 

is illustrated in the following pages

É ά ᶻ ψωτȢφππȢςυπȢπψ-Å6Ⱦὧ

ɜᶻ τφȢτςπȢυφπȢρυ-Å6Ⱦὧ

ὶ σȢπχπȢςφπȢρρ'Å6Ⱦὧ

É ά ρȢψρȢ
Ȣ πȢπς'Å6Ⱦὧ (first measurement)

ά ςȢφρ Ȣ
Ȣ πȢπσ'Å6Ⱦὧ

ὃ π πȢυχσπȢπρρπȢπςπ

ὶ ὠπȾὃ π ρȢτρρπȢπυψπȢππχ

ὶ ὃ πȾὃ π πȢχψψπȢπτςπȢππψ

Amplitude Analysis 



Projections in PWA (preliminary)
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The signal contains S-wave and ὑᶻ ψωςcomponents.

In the lower histograms, …of the (combined) bins of the upper histograms are provided.

Projections of data and fitted MC distribution 
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Å Bin division: similar size for each bin, wider for the last 

two due to low population

Å ὑᶻ ψωςrelated parameters are also set free

Å Blue dots: BESIII Model-independent measurement

Red or dotted lines: predicted by fit based on LASS       

parameterization

Green dots: BABAR Model-independent measurement      

with S+ὑᶻ ψωςὑᶻ ρτρπ

[citation:  BABAR Collaboration, Phys. Rev. D 83, 072001 (2011)]

Instead of using the LASS parameterization for , we fit the phase in different 

ά intervals, assuming  remains constant within each interval.

S-wave Phase Measurement

Model-independent measurement of BESIII 

are consistent with its result from amplitude 

analysis within 1„.



Model-Independent Measurement of Form Factors
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Å Events located in the ὑᶻ ψωςwindow 

[0.8,1] GeV/Ã, are used to measure the 

form factors by a Projective Weighting 

Technique [citation:  CLEO collaboration, 

Phys. Rev. D 81, 112001 (2010)].

Å Signal is assumed to be composed of 

ὑᶻ ψωςand a non-resonant S-wave.

Å Helicity basis form factors include: 

P-wave related: Ὄ ȟή

S-wave related: Ὤ ή

Å Five weighted ή histograms are built. 

Weight is assigned to each event based on 

(ήȟὧέί—ȟὧέί—).

Å Form factors are independently computed in 

each ή bin.

Å The model-independent measurements are 

generally consistent with CLEOôs report and 

the predicted trend based on the SPD model 

from amplitude analysis.

Normalization (see plot (c)):

ή Ὄ ή ᴼρas ή ᴼπ

Red dots    : BESIII model-independent measurement

Black dots : CLEO model-independent measurement

Blue Line  : BESIII result from amplitude analysis, which is        

based on SPD model and mass-dependent S-wave

Notice:  The lines are not simple fits of these dots!

(a) (b)

(c) (d)

(e)
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Study of Ὀ ᴼ‡Ὡ‰

Å Current status of Ὀ ᴼ‡Ὡ‰

Å Form factors of Ὀ ᴼὩ‡havenever been measured before

Å No significant excess of Ὀ ᴼ‰Ὡ‡ is observed

Å Ὀ ᴼ‰Ὡ‡decay proceeds only through  ‰mixing or non-perturbative

ñWeak Annihilationò (WA) process (see Fig (b)). Measurement of its branching ratio 

can help to judge the dominant process.

(a) Feynman diagram representing the 

charged current process Ὀ ᴼ‡Ὡ
(b) Feynman diagram representing the WA 

process Ὀ ᴼ‰Ὡ‡
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Å Semileptonic decays are identified using the variable U:

Ὗ Ὁ ᴆὴ ,   Ὁ Ὁ Ὁ Ὁ

ᴆὖ ὖ ᴆὖ ᴆὖ ,       ὖ = ᴆὖ Ὁ ά

Å U distribution for the Ὀ ᴼ‡Ὡ‰ decay:

Å Branching fractions are compared with the world average value [citation: Particle Data Group, 

Chin. Phys. C, 527 38, 090001 (2014)].

Branching Fraction 

Ὀ ᴼ‰Ὡ‡Ὀ ᴼ‡Ὡ

Red dots: data

Black line: fit result

Blue area: total background 

Green area: peaking background

Red dots: data

Black histogram: signal MC simulation

Arrows: signal region

12



)4/c2(GeV2m

0.5 0.55 0.6 0.65 0.7

E
v
e

n
ts

0

50

100

150

200

250 (a)

)4/c2(GeV2q

0 0.2 0.4 0.6 0.8 1 1.2 1.4

E
v
e

n
ts

0

20

40

60

80

100

120

140

160 (b)

1
qcos

-1 -0.5 0 0.5 1

E
v
e

n
ts

0

20

40

60

80

100

120 (c)

2
qcos

-1 -0.5 0 0.5 1

E
v
e

n
ts

0

20

40

60

80

100

120

140

160

(d)

c

-3 -2 -1 0 1 2 3

E
v
e

n
ts

0

20

40

60

80

100

120

140
(e)

Form Factors in Ὀ ᴼ‡Ὡ

Form factors for Ὀ ᴼὩ‡decay can be parameterized similarly as in the Ὀ ᴼ
ὑ “Ὡ‡decay. The projections and the form factor parameters are shown below:

ὶ ὠπȾὃ π ρȢςτ πȢπω πȢπφ

ὶ ὃ πȾὃ π ρȢπφ πȢρυ πȢπυ
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Red dots:  data

Black Line: fit results

Blue area:  Background 
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ÅBranching fraction of Ὀ ᴼὑὩ‡ has never been measured before

Åὑ ὑmixing is expected to give rise to CP asymmetry with magnitude of 

about -3.3 ρπ in Ὀ ᴼὑὩ’ decay [citation: Z.Z.Xing, Phys. Lett. B 353(1995)31; 363 

(1995) 266]

ÅThe differential decay width of Ὀ ᴼὑὩ’ can be parameterized based 

on the transition form factor Ὢ ή and the CKM matrix element |ὠ |:

ÅExperimental study of Ὀ ᴼὑὩ’ is important to test the theoretical 

prediction of ὃ
ᴼ

, the LQCD calculation on Ὢ π and the unitarity

of the CKM matrix.

Study of Ὀ ᴼὑὩ‡ (first measurement) 
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Branching Fraction and ὃ
ᴼ

Åὑ reconstruction:

Å The direction of ὑ momentum can be 

determined from the induced shower in EMC.

Å ὑ momentum can be inferred by 

constraining the neutrino Ὗ π(for U

definition see page 12).

Å Because nuclear interaction is different for 

ὑ and ὑ , and ὑ ὑ coherent oscillation 

is not considered in simulation, 

reconstruction efficiencies are corrected 

separately for ὑ from ὑ and ὑ

Å Branching fraction:
Å Signal yields are obtained  by fitting ά of 

the tag side (see next page).

Å In this analysis, branching fraction is 

calculated separately for each charm and tag 

mode using:

Å CP asymmetry is determined using:



Branching Fraction and ὃ
ᴼ

The fraction of peaking backgrounds are 

estimated by MC.

Black dots: data;  

Blue: Fit result;  

Green Line: combinatorial background

Branching fraction:
║╓ ᴼ╚╛▄ⱨ▄ Ȣ Ȣ Ȣ Ϸ

CP asymmetry:

═╒╟
╓ ╚O╛▄ⱨ▄ Ȣ Ȣ Ȣ Ϸ
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Signal shape of ή distribution can be described using

2-par. Series Expansion is performed for form factor Ὢ ή : 
[cite: Becherand Hill, Phys. Lett. B 633, 61 (2006)

Simultaneous fits are performed:

Form Factor measurement


